Dry cough, dyspnea and manifestations of bronchial asthma have recently been observed in patients with acute schistosomiasis. To investigate the type and pathogenesis of these conditions, an experimental mouse model for acute schistosomiasis was used. Forty mice were divided into four groups of ten each: three infected groups and a non-infected control group. The animals were examined 7, 28-35 and 40 days after exposure to cercariae. During the acute phase of the infection (28-35 days), a process of multifocal interstitial pneumonitis involving the peribronchial, peribronchiolar and subpleural tissues was found. This process was not seen during the other phases of the infection. Indirect immunofluorescence failed to demonstrate the presence of schistosomal antigens in the acute-phase lesions. The pneumonitis was attributed to products (inflammatory mediators) from acutephase periovular necrotic-inflammatory lesions in the liver that were transported to the lungs by the bloodstream.
The last twenty years have witnessed a change in the clinicalpathological presentation of human schistosomiasis. This has probably resulted from the introduction of effective and simple new curative drugs, coupled with progressive socioenvironmental improvements 3 . One impressive new development has been a drastic reduction in the incidence and prevalence of the most advanced forms of the disease, such as the hepatosplenic form, and its complications 1 . Another curious change has been the trend towards upsurges of new foci of transmission, sometimes revealed by outbreaks of cases of acute schistosomiasis 5 . Clinical studies on these new cases of acute schistosomiasis have been revealing intriguing manifestations related to the immunopathology of the disease. One of these studies was on the type of pulmonary involvement during the course of acute schistosomiasis 7 . Acute schistosomiasis is related to the migration of parasite larvae through the lungs and a rise in the host immune response towards parasite larvae, worms and eggs. While early infection usually passes unnoticed among residents of endemic areas, it causes a variety of manifestations among people from nonendemic regions. Fever and prostration are the main clinical manifestations, soon followed by persistent dry cough, asthmatic manifestations, abdominal pain, diarrhea and myalgia 6 . Leukocytes are observed in about 25 to 30% of the patients, while eosinophilia is present in almost all cases with acute manifestations. The eosinophil rate usually reaches 50% or more 9 . These respiratory manifestations have been attributed to an allergic reaction caused by the passage of parasite larvae, but recent functional studies have revealed that the pulmonary involvement is predominantly interstitial, and more related to the levels of immune complexes than to IgE serum levels 7 . Dry cough and episodes of bronchial asthma are frequently registered, accompanied by high production of inflammatory cytokines, such as IL-1, IL-6 and TNFα 
MATERIALS AND METHODS

Animals.
Forty healthy Swiss Webster mice of both sexes, weighing around 15-20g were divided into four experimental groups of ten animals each. They were kept in large metallic boxes (five animals per box), in a well ventilated room at a temperature of 25-27°C, with free access to water and to a balanced commercial diet for mice.
Infection. Thirty mice were individually subjected to infection with 50 recently eliminated Schistosoma mansoni cercariae of the Feira de Santana strain (Andrade & Sadigursky, 1985) , and ten remained as non-infected intact controls.
Experimental groups. Group 1. Animals that were killed seven days after exposure to cercariae. This is the time of greatest migration of cercariae the lungs.
Group 2. Animals that were killed between the 28 th and 44 th days after infection with cercariae. This covered the period during which mature schistosomal eggs start to be present, and is experimentally representative of acute murine schistosomiasis according to Andrade & Azevedo 2 . Group 3. Animals killed between 12 and 15 weeks after infection. This is representative of chronic schistosomiasis.
Group 4. Non-infected, normal controls among which four animals were killed and examined together with Group 2, and the others were killed over the study period to serve as controls for the other groups.
Procedures. Under anesthesia and aseptic conditions, the animals were killed by exsanguination after severing the abdominal aorta. Fragments from the liver and spleen were placed in neutral 10% formalin. The lungs were fixed by injecting the fixative directly into the trachea using a syringe, while taking care to avoid intraalveolar overdistension. All the material remained in the fixative for at least 24 hours before dehydration and paraffin embedding. Paraffin sections were stained with routine hematoxylin and eosin, and with Sirius red for collagen.
Paraffin sections from the lungs and liver were subjected to the procedure for immunofluorescence microscopy to investigate Schistosoma mansoni antigens. After deparaffinization, hydration and washing in neutral phosphate-buffered saline (PBS), the sections were covered with a pool of human sera from Schistosoma mansoni-infected patients, either at full concentration or at dilutions of 1:2 and 1:10, followed by treatment with 1:60 fluoresceinated anti-human globulin (Dako, USA). The sections were examined using a Zeiss microscope with barrier and exciter filters, under UV light.
RESULTS
All the animals exposed became infected, and this was easily perceived in Groups 2 and 3 by the presence of numerous parasite eggs in the sections examined. The evidence of infection was indirect for Group 1. The control animals presented microscopic structures in the lungs, liver and spleen that were within normal limits.
On the seventh day after infection, the histological findings in the lungs were essentially normal. An exhaustive search for schistosomal larvae and significant inflammatory foci was conducted, but none were found.
The liver sections from Group 2 animals revealed the presence of several mature schistosomal eggs in the center of large, scattered periovular granulomas, usually within a necrotic center of ischemic or purulent nature. In the latter, eosinophils were abundant. Furthermore, there were many inflammatory cells infiltrating the portal spaces and also in between the liver cell plates.
The spleen exhibited diffuse hyperplasia of the cells in both the red and white pulps, together with intense active congestion of the splenic sinuses.
The changes in the lungs were restricted to the interstitial tissues, especially those around large and medium size bronchi, and also in the subpleural region. These changes consisted of focal or sometimes diffuse, mild to moderate mononuclear infiltration (Figure 1) , associated with variable degrees of edema. The cells in the infiltration were mainly lymphocytes and a few macrophages, but eosinophils were rather absent. The alveoli spaces were empty, and no significant change was seen in the alveolar walls, except a varying degree of congestion. No parasitic structures were ever seen in the sections examined. In Group 3, the classical lesions of chronic schistosomiasis were present, with many periovular granulomas scattered throughout the liver and lungs, while in the spleen, changes representing chronic congestion predominated.
Immunofluorescence failed to reveal any presence of schistosomal antigen within the peribronchial foci of cell infiltrations observed in the animals from Group 2, either as free forms or within cells. However, when schistosomal eggs were present in the section, bright apple-green fluorescence marked their contents and sometimes the periphery around them.
DISCUSSION
Manifestations of bronchial asthma with persistent dry cough have been registered among patients with acute schistosomiasis 8 . The pulmonary changes experimentally observed in the present study, during the course of acute infection in mice, were rather mild but consistent and well defined. They were representative of multifocal interstitial pneumonitis. Their location, which was predominantly peribronchiolar and peribronchial, but also subpleural to a lesser degree, may be correlated with a varying degree of chronic irritation to the nervous structures in these locations from which the cough reflex may originate. This mild interstitial inflammation can probably be propagated toward the peritracheal tissues, where cough reflexes are more sensitive. From these findings, it is inevitable to speculate that this may indeed be the morphological substratum of the pulmonary manifestations seen in human cases of acute schistosomiasis. The logical explanation for inflammation in the lungs in the absence of parasite products, albeit observed only during the acute phase of schistosomiasis in mice, would be to suggest the presence of an immunological mechanism. The present study, which went in this direction, produced negative results but this does not definitively discard such a mechanism. It is likely that a series of complex mediators generated during the severe necrotic-inflammatory reactions in the liver reach the lungs via the bloodstream and cause irritation of sensitive peribronchial nervous structures.
Studies conducted during the course of acute human schistosomiasis have indicated that the inflammatory response is related to an immune reaction that is characterized by a marked increase in the levels of pro-inflammatory cytokines such as IL-1, IL-6 and TNF-α.
Although the pulmonary manifestations of acute schistosomiasis in humans have been considered to be allergic reactions caused by the migration of schistosomula through the lungs 7 , the findings from the present experimental study did not produce data to support this. In fact, a study with day-by-day histological analysis of schistosomiasis among mice revealed that, following their first exposure to cercariae, no inflammatory reactions occurred anywhere until the first mature eggs appeared 2 .
